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PURPOSE:To effectively prevent the fluctuation in the spot shape on a scanning plane by providing a curvature of field 
correcting surface which corrects the curvature in a sub-scanning direction to an ftheta lens for imaging a deflected luminous 
flux onto the scanning plane. 

CONSTITUTION :The incident side lens face 20A of the imaging lens 20 having the ftheta function to focus the deflected 
luminous flux from a rotating polygon mirror 16 to the scanning plane 18 is formed as the curvature of field correcting surface 
in such a manner that the power in the sub-scanning direction decreases gradually as said surface parts from the optical 
axis. The locus of the luminous flux imaging point in the sub-scanning direction curves to an arc shape unless there is this 
correcting surface. Then, the spot diameter has divergency and nonuniform shapes. However, the curvature of field in the 
sub-scanning direction is well corrected by forming the correcting surface so as to provide a prescribed radius of curvature 
and to decrease the power, by which the fluctuation in the spot shape is effectively prevented. 
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P2 (74) ATTORNEY: Patent Attorney Hideharu WATANABE 
2 

3 SPECIFICATION 
4 

5 TITLE OF THE INVENTION 

6 Light scanning apparatus 

7 CLAIMS 

8 1. A light scanning apparatus comprising a light 

9 source, a first lens group for imaging a beam from the 

10 light source as a line image extending in a direction 

11 corresponding to main-scanning, a deflecting device, 

12 having a plurality of deflecting surfaces, for 

13 deflecting the beam about a position adjacent the line 

14 image formed by said first lens group, and a second 

15 lens group, disposed between the deflecting device and 

16 a surface to be scanned, for imaging the deflected 

17 beam as a spot on the surface to be scanned, 

18 wherein said second lens group is an imaging 

19 lens having a f 0 property and is effective to focus 

20 the deflected beam on the surface to be scanned with 

21 respect to a main scan direction, and is effective to 

22 make the surface to be scanned and the imaging 

23 position of the line image by the first lens group 

24 substantially conjugate with each other, and at least 

25 one surface is a field curvature correcting surface, 

26 and 

27 wherein said field curvature correcting 
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P3 surface has a power in a sub-scan direction which 

2 power gradually decreases away from the optical axis 

3 in the main scan direction. 
4 

5 2. A light scanning apparatus according to Claim 

6 1, wherein the power Po, in the sub-scan direction, of 

7 the field curvature correcting surface of the imaging 

8 lens which is the second lens group, and the power P 

9 at the most peripheral portion with respect to the 

10 direction corresponding to the main-scanning, satisfy: 

11 0.85<P/Po< 0.98. 
12 

13 DETAILD DESCRIPTION OF THE INVENTION 
14 

15 (APPLICABLE FIELD OF INDUSTRY) 

16 The present invention relates to a light 

17 scanning apparatus. 

18 (PRIOR ART) 

19 A light scanning apparatus is well-known 

20 which comprises a light source, a first lens group for 

21 imaging a beam from the light source as a line image 

22 extending in a direction corresponding to 

23 main-scanning, a deflecting device, having a plural ity 

24 of deflecting surfaces, for deflecting the beam about 

25 a position adjacent the line image formed by said 

26 first lens group, and a second lens group, disposed 

27 between the deflecting device and a surface to be 
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P4 spanned, for imaging the deflected beam as a spot on 

2 the surface to be scanned. In such a light scanning 

3 apparatus, in order to prevent a main-scanning 

4 position from varying in the sub-scan direction 

5 resulting from wobbling of the deflected beam in the 

6 direction corresponding to the sub-scan, which 

7 wobbling is attributable to a mechanical error of the 

8 deflecting device, the second lens group is an 

9 anamorphic lens system having a fO function, and the 

10 deflected beam is imaged on the surface to be scanned 

11 with respect to the main scan direction, and the 

12 imaging position of the imaging by the first lens 

13 group is made substantially conjugate with the surface 

14 to be scanned (Japanese Patent Application Publication 

15 Sho 52-28666, for example). 

16 (PROBLEM TO BE SOLVED) 

17 Such a light scanning apparatus involves the 

18 fol lowing problems. 

19 Referring to Figure 5, designated by 

20 reference numeral 10 is a semiconductor laser as a 

21 light source. A divergent beam from the semiconductor 

22 laser 10 is collimated by a collimator lens 12 into a 

23 substantially parallel beam and is incident on a 

24 cylindrical lens 14, and the beam is imaged adjacent a 

25 deflecting surface of a rotatable polygonal mirror 16 

26 as a deflecting device, as a line image LI extending 

27 in a direction corresponding to the main-scanning. 
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P5 Namely, the collimator lens 12 and the cylindrical 

2 lens 14 constitute a first lens group. 

3 The beam reflected by the deflecting surface 

4 of the rotatable polygonal mirror 16 is incident on 

5 the anamorphic imaging lens 2 constituting the second 

6 lens group, by which it is converged toward a surface 

7 to be scanned 18. With the rotation of the rotatable 

8 polygonal mirror 16, the beam opt i ca 1 1 y scans the 

9 surface to be scanned 18. On the surface to be scanned 

10 18, the direction indicated by reference character An 

11 is the main scan direction, and the direction 

12 indicated by reference character B is the sub-scan 

13 direction. The main scan direction, as is well-known, 

14 is the direction in which the spot formed by the 

15 deflected beam moves when the light scanning is 

16 carried out ideally y, and the sub-scan direction is a 

17 direction which is perpendicular to the main scan 

18 direction on the surface to be scanned. 

19 The beam deflected by the rotatable polygonal 

20 mirror 16 is a parallel beam as seen in the sub-scan 

21 direction, and is focused on the surface to be scanned 

22 18 by the imaging lens 2. 

23 In addition, with respect to the sub-scan 

24 direction, the imaging lens 2 is effective to make the 

25 imaging position of the line image LI substantially 

26 conjugate with the surface to be scanned 18. 

27 Therefore, with respect to the sub-scan direction, the 
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P6 line image LI is focused on the surface to be scanned 

2 18 of the imaging lens 2. In order to provide such an 

3 anamorphic nature, the imaging lens 2 has to have a 

4 large power in the sub-scan direction as compared with 

5 the main scan direction. 

6 The imaging lens 2 is a so-called fd lens 

7 having a so-called f6 function. 

8 When such an imaging lens is used, a 

9 correction of the astigmatism in the sub-scan 

10 direction is difficult because of the anamorphic 

11 nature, with the result of the following problem. 

12 Namely, the deflected beam is focused on the surface 

13 to be scanned 18 both in the main and sub-scan 

14 directions, so that scanning spot is formed on the 

15 surface to be scanned 18. However, because the 

16 correction of field curvature in the sub-scan 

17 direction is difficult, a locus 5 of the beam imaging 

18 point Q in the sub-scan direction (a imaging plane of 

19 the sagittal rays) is curved and arcuate toward the 

20 imaging lens 2. Then, the deflected beam from the 

21 point Q toward the surface to be scanned 18 is 

22 divergent in the sub-scan direction, and as more or 

23 less exaggeratedly shown in Figure 5, the diameter of 

24 the spot on the surface to be scanned 18 measured in 

25 the sub-scan direction becomes gradually large as 

26 shown by reference numeral 17 away from the optical 

27 axis of the imaging lens 2 in the main scan direction 
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P7 A, and therefore, the spot diameter is not uniform 

2 with respect to the main scan direction. For this 

3 reason, optical scanning is not possible with a high 

4 resolution exceeding 400dpi. 

5 Accordingly, the present invention is made in 

6 consideration of the circumstances, and it is an 

7 object of the present invention to provide a novel 

8 optical scanning apparatus wherein the non-uniformity 

9 of the spot diameter can be effectively reduced or 

10 prevented. 

11 (MEANS FOR SOLVING THE PROBLEM) 

12 The description will be mad© as to the 

13 present invention. 

14 The optical scanning apparatus according to 

15 the present invention, defined in Claims 1 and 2 

16 includes first and second lens groups, and a 

17 deflecting device. 

18 The first lens group functions to focus the 

19 beam emitted from the light source to form a line 

20 image extending in a direction corresponding to the 

21 main-scanning. 

22 The deflecting device has a plurality of 

23 deflecting surfaces, and functions to deflect the beam 

24 about a position adjacent the imaging position of the 

25 line image formed by the first lens group. 

26 The second lens group is disposed between the 

27 deflecting device and the surface to be scanned, and 
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P8 functions to focus the deflected beam into a spot on 

2 the surface to be scanned. The second lens 

3 group is constituted by an anamorphic imaging lens 

4 having a f 6 property to function to image the 

5 deflected beam on the surface to be scanned in the 

6 main scan direction and to function to provide a 

7 substantially conjugate relation between the imaging 

8 position of the line image by the first lens group and 

9 the surface to be scanned, and at least one surface 

10 thereof is a field curvature correcting surface. 

11 The field curvature correcting surface has a 

12 lens power, in the sub-scan direction, which gradually 

13 decreases away from the optical axis in the direction 

14 corresponding to the main-scanning. 

15 The imaging lens which is the second lens 

16 group may be a single lens, or may be a compound lens 

17 including two or more lenses, and one or another 

18 surface thereof may be aspherical. 

19 In the optical scanning apparatus defined in 

20 Claim 2, the power Po, in the sub-scan direction, of 

21 the field curvature correcting surface of the imaging 

22 lens which is the second lens group, and the power P 

23 at the most peripheral portion with respect to the 

24 direction corresponding to the main-scanning, satisfy 

25 0. 85<P/Po< 0.98 (1) 

26 (FUNCTION) 

27 As described above, according to the present 
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P9 invention, one or more surfaces of the lens surfaces 

2 of the imaging lens which is the second lens group are 

3 field curvature correcting surface or surfaces. Since 

4 the power of the field curvature correcting surface in 

5 the sub-scan direction gradually decreases away from 

6 the optical axis in the direction corresponding to the 

7 main-scanning, the locus 5 of the imaging point 0 in 

8 the sub-scan direction of the deflected beam shown in 

9 Figure 5 can be made placed close to or exactly on the 
10 surface to be scanned 18. 



11 In the apparatus defined in Claim 2, the 

12 power of the field curvature correcting surface in the 

13 sub-scan direction satisfies the condition defined by 

14 (1). 

15 The power is defined as follows: 

16 The power Po on the optical axis is 

17 Po = I { (Ni+1- Ni) /Rxo 

18 where Ni is a refractive index of a medium of 



19 the deflecting surface side of i-th lens surface as 

20 counted from the deflection surface side in the 

21 imaging lens; Ni+1 is a refractive index of the medium 

22 at the scanned surface (surface to be scanned) side of 

23 the i-th lens surface; Rxi is a radius of curvature of 

24 a lens surface in a cross-section of the i-th lens 

25 surface taken along a plane which is parallel with a 

26 plane parallel with the sub-scan direction and passing 

27 through the optical axis; Rxo is the radius of 
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P10 curvature where the cutting plane includes the optical 

2 axis. 

3 The power Pi outside the optical axis is 

4 defined as: 

5 Pi = I { (Ni+1- Ni) /Rxi } 

6 Here, P is Pi at the most peripheral portion 

7 of the lens surface in the direction corresponding to 

8 the main-scanning. 

9 Since the power of the field curvature 

10 correcting surface is so set as to gradually decrease 

11 away from the optical axis, P is the power in the 

12 sub-scan direction at the end in the effective 

13 aperture diameter with respect to the direction 

14 corresponding to the main-scanning, and is the minimum 

15 value among the powers in the sub-scan direction over 

16 the direction corresponding to the main-scanning in 

17 the effective aperture diameter of the imaging lens. 

18 The condition (1) is concerned with a ratio 

19 of the refracting power of the imaging lens in the 

20 sub-scan direction at the central portion (on the 

21 optical axis) and the power at the most peripheral 

22 portion, and the fact that value of the ratio is 

23 smaller than 1 means that refracting power at the 

24 peripheral portion is lower than that at the central 

25 portion. 

26 If upper limit of the condition (1) is not 

27 satisfied, the image surface in the sub-scan direction 
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P11 tilts significantly toward the negative side to such 

2 an extent that image plane is not within a tolerable 

3 depth of focus. If the lower limit of the condition 

4 (1) is not satisfied, the image surface in the 

5 sub-scan direction tilts too much toward the positive 

6 side to such an extent again that image plane is not 

7 within a tolerable depth of focus. 

8 The condition (1) is determined independently 

9 from the f 9 property and the field curvature in the 

10 main scan direction. 

11 The field curvature correcting surface may be 

12 formed on each of two or more surfaces of the imaging 

13 lens. When two or more surfaces are field curvature 

14 correcting surfaces, said power is the consolidated 

15 one, at the surface adjacent to the surface to be 

16 scanned, of synthesized powers of the field curvature 

17 correcting surfaces. 

18 (EMBODIMENT) 

19 The description will be made as to specific 

20 embodiments. 

21 Figure 1 illustrates an embodiment of the 

22 present invention. For the sake of simplicity, the 

23 same reference numerals as with Figure 5 are used 

24 unless any confusion might arise. 

25 The beam emitted from the light source 10 is 

26 imaged as a line image LI extending in the direction 

27 corresponding to the main-scanning at a position very 
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P12 close to the deflection surface of the rotatable 

2 polygonal mirror 16 as a deflecting device by a 

3 collimator lens 12 and a cylindrical lens 14 which 

4 constitute a first lens group. 

5 With the rotation of the rotatable polygonal 

6 mirror 16, the beam is deflected about a reflecting 

7 position of the deflection surface and is incident on 

8 an imaging lens 20 constituting a second lens group, 

9 and is converged toward the surface to be scanned 18 

10 by the function of the lens 20. 

11 In this embodiment, the field curvature 

12 correcting surface is the incident side lens surface 

13 20A of the imaging lens 20. The lens surface 20A will 

14 be explained. In Figure 1. reference characters CAX, 

15 CAY are circles of curvature in a direction 

16 perpendicular to each other on the lens surface 20A. 

17 The circles of curvature CAX, CAY both pass through 

18 the optical axis of the imaging lens 20, and the 

19 centers of the curvatures are on the optical axis. 

20 The circle of curvature CAX is in a plane 

21 including the optical axis and parallel with the 

22 sub-scan direction B, and the circle of curvature CAY 

23 is in a plane including the optical axis and parallel 

24 with the main scan direction A. In the following, a 

25 circle of curvature of an arcuation in a cross-section 

26 of the field curvature correcting surface taken along 

27 a plane which is parallel with a plane which is 
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PI 3 parallel with the sub-scan direction and includes the 

2 optical axis, is cal led a ci rcle of curvature in the 

3 sub-scan direction. 

4 In Figure 1, CAXi depicts a circle of 

5 curvature, in the sub-scan direction, of the lens 

6 surface 20A at a position away from the optical axis 

7 in the direction corresponding to the main-scanning. 

8 The radii of curvatures of the circles of 

9 curvatures CAX, CAY, CAXi are Rxo, Ryo, Rxi, 

10 respectively as shown in the Figure, satisfy the 

11 fol lowing: 

12 Rxo < Ryo (2) 

13 Rxi > Rxo (3) 

14 Figure 2 illustrates the configuration of the 

15 lens surface 20A. In the Figure, designated by 

16 reference 20A1 is a curve obtained by translating the 

17 center C of curvature of the circle of curvature CAX 

18 to the configuration of the lens surface 20A. A curve 

19 20C is a locus of the center of the circle of 

20 curvature provided by moving the circle of curvature 

21 of the lens surface 20A in the sub-scanning direction, 

22 away from the optical axis in the direction 

23 corresponding to the main-scanning (the vertical 

24 direction in Figure 2). 

25 A distance AC between the curve 20A1 and the 

26 curve 20C increases away from the optical axis in the 

27 direction corresponding to the main-scanning, and Rxi= 
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P14 Rxo+AC. The lens surface curvature in the sub-scan 

2 direction of the field curvature correcting surface 

3 decreases away from the optical axis in the direction 

4 corresponding to the main-scanning. 

5 Referring back to Figure 1, the lens surface 

6 20A which is the field curvature correcting surface 

7 has a radius of curvature of the circle of curvature 

8 in the main scan direction which radius is larger than 

9 the radius of curvature of the circle of curvature in 

10 the sub-scan direction, at the position of the optical 

11 axis, and the radius of the circle of curvature in the 

12 sub-scan direction increases away from the optical 

13 axis in the direction corresponding to the 

14 main-scanning. 

15 Therefore, the positive power of the lens 

16 surface 20A in the sub-scan direction is strong at the 

17 optical axis portion, and gradually decreases away 

18 from the optical axis in the direction corresponding 

19 to main-scanning. Therefore, the power of the imaging 

20 lens in the sub-scan direction as a whole is strong at 

21 the optical axis portion, and gradually becomes weaker 

22 away from the optical axis in the direction 

23 corresponding to the main-scanning, so that field 

24 curvature in the sub-scan direction is properly 

25 corrected as a whole. As will be apparent when Figure 

26 1 and Figure 5 are compared with each other, a locus 

27 of an imaging point of the meridional ray is 
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P15 substantially the same as a main-scanning line in 

2 Figure 1 as well as Figure 5, but in this embodiment, 

3 the locus of the imaging point of the sagittal ray is 

4 sufficiently close to the locus of the imaging point 

5 of the meridional ray by the correcting effect of the 

6 field curvature correcting surface 20A. 

7 The configuration of the field curvature 

8 correcting surface 20A in the direction corresponding 

9 to the main-scanning may be a spherical surface or an 

10 aspherical surface, and the field curvature in the 

11 sub-scan direction can be properly corrected by design 

12 of the field curvature correcting surface. 

13 In the embodiment of Figure 1, the lens 

14 surface 20A at the deflection side is used as the 

15 field curvature correcting surface, but the lens 

16 surface adjacent the surface to be scanned may be the 

17 field curvature correcting surface. By doing so, the 

18 correcting surface is a concave surface as seen from 

19 the center of deflection, which means that angle 

20 between the deflected beam and the normal line of the 

21 lens surface is small, and therefore, the field 

22 curvature in the sub-scan direction can be more easily 

23 corrected. Figure 3 illustrates another embodiment. 

24 Figure 3, (I) shows a portion between a 

25 rotatable polygonal mirror and a surface to be scanned 

26 18, as seen in the sub-scan direction, and Figure 3, 

27 (II) shows the same as seen in the main scan 
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P16 direction. 

2 Designated by reference numeral 22 is an 

3 imaging lens having a f 0 function; and reference 

4 numerals 22A, 22B are lens surfaces. In this 

5 embodiment, the lens surface 22B adjacent the surface 

6 to be scanned 18 is the field curvature correcting 

7 surface, and lens surface 22A is an aspherical 

8 surface. In Figure 3, designated by reference numeral 

9 16A is a deflection surface of the rotatable polygonal 

10 mirror. 

11 Radii of curvature R0, R1, R2 of the 

12 respective surfaces (in the plane parallel with the 

13 main scan direction An and including the optical 

14 axis), Rxo (in the plane parallel with the sub-scan 

15 direction B and including the optical axis), spaces 

16 dO, d1, d2 between adjacent lens surfaces, and the 

17 refractive indices NO, N1, N2, are defined as shown in 

18 Figure, then the base data are as follows: 



19 

20 i R1 d1 N1 

21 0 - 55.0 1.0 

22 1* 312.0 25.0 1.486 

23 2 -118.38 175.28 1.0 
24 

25 f=184. 3, Fno=61.4 
26 

27 The lens surface 22A is an aspherical surface 
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P17 as described hereinbefore. As is well known, an 

2 aspherical surface is defined as follows. When X-axis 

3 is the optical axis; Y- and Z-axes are perpendicular 

4 to the X-axis with the intersection between the 

5 aspherical surface and the optical axis being the 

6 coordinate origin; h"= Y 2 +Z 2 ; and the radius of 

7 curvature on the optical axis is 

8 R (= R1); then, X= (1/R 2 ) h V [ 1+ V" (1+K) 

9 (h/R) 2 ] +A4h 4 

10 +A6h 6 +A8h 8 +A10h 10 + 

11 It is defined by a conical constant K and 

12 non-spherical coefficients A4, A6, A8, A10. 

13 In this embodiment, they are: 

14 K=-4. 18988, A4=-1. 71785- 10' 7 , A6=4. 32095- 10"" , 

15 A8=-1. 00374 -- ,4 , A1 0=1. 12332- 10'' 8 

16 The lens surface 22B is defined by the 

17 fol lowing, 

18 Rxi=Rxo+bY 2 +cY 4 + 

19 where Rxi is a radius of curvature of a circle 

20 of curvature in the sub-scan direction; Rxo is the 

21 radius of curvature on the optical axis, and Y is a 

22 coordinate in the direction corresponding to the 

23 main-scanning, perpendicular to the optical axis when 

24 the intersection between the lens surface 22B and the 

25 optical axis is the coordinate origin. 

26 The radius of curvature of the circle of 

27 curvature in the main scan direction is R2=-1 1 1 . 38 as 
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PI 8 stated above. 
2 Rxo, b and c are as follows: 

3 



4 


Rxo 


b 




5 


-25. 


995 -7.31906 


■10- 4 
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Rxi 


and Pi/Po for Y are 


8 
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Y 


Rxi 


Pi/Po 


10 


0 


-25. 995 


1.0 


11 


5 


-26. 013 


0. 999 


12 


10 


-26. 068 


0. 997 


13 


15 


-26. 156 


0. 994 


14 


20 


-26. 277 


0. 989 


15 


25 


-26. 425 


0. 984 


16 


30 


-26. 597 


0. 977 


17 


35 


-26. 787 


0. 970 


18 


40 


-26. 988 


0. 963 


19 


45 


-27. 192 


0. 931 



20 

21 For image height H= 108mm, Y=41.06, 

22 Rx=-27. 03, P/Po= 0. 962. 
23 

24 In Figure 4, there are shown aberration 

25 diagrams of Figure 3 embodiment. Left hand diagram 

26 shows the spherical aberration SA and sine condition 

27 SC of the imaging lens 22, and the central diagram 
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P19 shows the astigmatism SA. In the astigmatism diagram, 

2 the broken line is the astigmatism in the main scan 

3 direction, and the solid line is that in the sub-scan 

4 direction. The right-hand diagram shows a f 6 

5 property. As will be apparent from the aberration 

6 diagrams, the imaging lens 22 of Figure 3 embodiment 

7 exhibits a very good f 6 property, and the correction 

8 of the field curvature in the sub-scan direction is 

9 also very good. 

10 (ADVANTAGEOUS EFFECT OF THE INVENTION) 

11 These and other objects, features and 

12 advantages of the present invention will become more 

13 apparent upon a consideration of the following 

14 description of the preferred embodiments of the 

15 present invention taken in conjunction with the 

16 accompanying drawings. 

17 As described in the foregoing, a novel 

18 optical scanning apparatus can be provided. In the 

19 optical scanning apparatus, the imaging lens which is 

20 the second lens group has the f 0 property has the 

21 field curvature correcting surface, and the field 

22 curvature in the sub-scan direction is corrected by 

23 the field curvature correcting surface, and therefore, 

24 the variation in the spot configuration on the surface 

25 to be scanned can be effectively suppressed or 

26 prevented, and therefore, the optical scanning 

27 apparatus can be used for optical scanning with such 
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P20 high resolving power as 400- 800dpi. 
2 

3 BRIEF DESCRIPTION OF THE DRAWINGS: 

4 Figure 1 illustrates an embodiment of the 

5 present invention: Figure 2 illustrates a 

6 characterizing portion of the embodiment: Figure 3 

7 illustrates another embodiment: Figure 4 is aberration 

8 diagrams corresponding to Figure 3 embodiment: and 

9 Figure 5 illustrates the problem to be solved by the 
10 present invention. 



11 10: I ight source: 

12 12: col I imator lens: 

13 14: cyl indr ical lens: 

14 16: rotatable polygonal mirror as deflecting 

15 device: 

16 20, 22: imaging lens as second lens group 

17 20A, 22B: lens surfaces as field curvature 

18 correcting surface 

19 Applicant: (223) Kabushiki Kaisha SANKY0 

20 SEIKI Seisakusho. 
21 
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